Abstract Background: Preoperative expectations of total knee arthroplasty (TKA) correlate with postsurgical
Introduction
Rheumatoid arthritis (RA) is a chronic destructive inflammatory arthritis. The status of contemporary RA patients has improved tremendously, associated with the increased use of disease modifying drugs (DMARDS) over the last 25 years [26] . Previously, 34-58% of RA patients would undergo some form of orthopedic reconstruction during the course of their illness, the most common procedure being arthroplastyorthopedic surgery rates for RA have decreased [34] , total knee arthroplasty (TKA) rates for RA have nonetheless remained stable [4, 10] .
Unlike osteoarthritis (OA) patients, where joint destruction is a circumscribed problem which arthroplasty should completely resolve, RA is a chronic systemic disease, which may impact RA patients' beliefs about the overall effectiveness of TKA to improve their quality of life [8, 11, 36] . In fact, while RA patients who undergo arthroplasty are reported to have significant pain relief, they do not achieve the same improvement in function when compared to OA patients [24] . Despite this discrepancy in functional improvement, RA patients are generally equally or more satisfied with their outcome [3] .
Recent evidence has suggested that satisfaction with arthroplasty outcomes is strongly associated with the fulfillment of expectations [18, 21] . Expectations, which are the anticipated outcome to an event, are informed by multiple cognitive and emotional factors, which contribute to patients' perceptions of a complex intervention such as TKA [30] . Indeed, most OA patients expect significant improvement in pain and function after TKA [15] . The expectations of patients with a chronic disease such as RA may be lower than those of patients with OA. However, whether this is true has not yet been studied. Therefore, we hypothesized that preoperative expectations of RA patients undergoing TKA and would be lower than expectations of matched OA patients. We additionally compared the expectations of patients on biologic DMARD therapy with both RA patients not on biologics and OA patients to determine the effect of DMARDs on expectations.
Patients and Methods
This is a nested case-control study from a single institution TKA registry which collects self-reported data on 80% of TKA cases. Data were prospectively collected on patients undergoing primary elective TKA.
RA cases were initially identified by self-report or an ICD-9 code of 714.0, and then validated by chart review. The diagnosis of RA was confirmed if (1) the patient was evaluated by a rheumatologist preoperatively who confirmed the diagnosis of RA or (2) the patient was determined to have RA by an internist or hospitalist preoperatively, and was on a disease-modifying agent (DMARD) or biologic therapy. This method of validation was implemented because patients were seen at a specialty orthopedic hospital with a very large catchment area. Most TKA patients were referred from other centers, and investigators did not have access to rheumatologists' medical records. Additional medical information was obtained from the validated RA cases regarding RA duration, severity, and medication use, with a survey sent 6 months to 3.5 years after surgery. Medication data from non-responders was obtained via hospital chart review.
We identified 11,575 primary TKAs who had surgery between May 2007 and February 2011 as potentially eligible for this study. RA was confirmed in 119 patients who met inclusion criteria (Table 1 ). An additional RA-focused questionnaire was sent between 6 months to 3.5 years postoperatively; 80% responded and every responder confirmed the diagnosis of RA.
The RA cases were 11.8% male and the average age was 62.6±12.2 years. The average preoperative Lower Extremity Activity Scale (LEAS) score was 8.3±2.9, which corresponds to being able to walk around the house and walk for several blocks at a time without any assistance. And 16.7% of the patients had a prior contralateral TKA. The mean duration of RA was 19.7±13.4 years. Medication information was available on 119 patients. Forty-nine (41%) RA patients were on anti-TNF medication and 8 (6%) were on other biologics. A total of 84 (71%) were on synthetic DMARDs, including 62 (52%) on methotrexate. Thirty-two (27%) were on daily prednisone, and 22 (18%) were on no DMARDs.
Patients were excluded from this analysis if they had bilateral knee surgery, revision surgery, did not have a scorable expectations survey, or had an ICD-9 code for any autoimmune disease or inflammatory disorder besides RA.
Prior to surgery, patients complete a survey consisting of demographic information, the Hospital for Special Surgery Knee Expectations Survey, the LEAS, Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), the SF-36, and the ED-5Q. Expectations were measured using the Hospital for Special Surgery Knee Expectations Survey [20] . This is a validated patient-derived 19-item questionnaire covering the different aspects of surgical recovery from TKA including pain relief, walking, the ability to perform personal, recreational, and social activities of daily living, and psychological well-being. This instrument was derived from patient responses to open-ended questions prior to knee surgery, analyzed using qualitative research techniques, and formatted into a survey specific to TKA. Each item is scored separately, and the survey has a composite score which ranges from 1 to 100, with 100 signifying the highest expectations. A change of Q7 on the total expectations score has been validated as clinically meaningful [20] . In addition, patients also reported their expectations regarding medical complications associated with the surgery. The WOMAC is a validated patient-reported measure widely used to assess knee-specific conditions. Higher scores indicate worse status [1] . The SF-36 is a generic validated patient-reported measure of general health and well-being with higher indicating better health status. A change of five points is the minimal clinically detectable change [33] . The ED-5Q and Euroquol Scale indicate how much the patients value their current health state [6, 13] .
The LEAS is a validated scale comprised of 12 questions, and correlates well with measures such as WOMAC pain and function scores. Scores range from 1 (bedbound) to 18 (up and about at will, and participating in vigorous sports). A score of eight describes a patient who can walk several blocks without assistance, and a score of nine indicates the ability to walk with no restrictions [29] . The Deyo comorbidity index, derived from ICD-9 codes, was calculated for each patient, with RA being excluded from the calculation. The Deyo comorbidity index is designed for use with medical records and administrative databases, and is used to account for disease severity in studies of medical outcomes [5] . The American Society of Anesthesiology (ASA) status score is a measure of medical fitness, where ASA class 1 indicates a perfectly healthy patient, and ASA 3 indicates someone with severe systemic disease (http://www.asahq.org/clinical/physicalstatus.htm).
To minimize potential confounding, each RA case was matched to two OA cases on age (±5 years), gender, and preoperative activity level as measured by the LEAS (±2 points). We chose age and gender as matching criteria because they account for important differences between the two patient groups: RA patients are usually younger and more likely to be female. We matched on activity, as preoperative function is known to influence expectations [19, 27] . As a tertiary surgical referral center, we had no information available regarding RA disease activity. Matching on LEAS was used as a proxy to account for the confounding effect of disease activity on function. Finally, we also matched on history of prior contralateral TKA, since patient expectations are influenced by the outcome of a previous surgery [27] .
Preoperative WOMAC, SF-36, EQ-5D scores were evaluated between RA and OA patients using t tests [7] . We then evaluated total expectations scores for all RA cases, as well as separately for RA cases on biologics and for RA cases not on biologics, and all were compared with OA controls. We also compared expectations for specific individual items on the HSS Expectations Survey using the Wilcoxon signed ranks test with Bonferroni correction for multiple comparisons. This statistical technique controls the false positive error rate seen when multiple statistical tests are performed simultaneously. As each test item would have a 5% likelihood of a false-positive result, the likelihood a false positive is magnified when multiple items are compared simultaneously. The p value considered significant is 0.0026. Expectation of complications was assessed using a five-point Likert scale and analyzed using chi-square. Spearman correlations were performed for nonparametric data.
Analyses were conducted using a SAS 9.2 (SAS Institute, Inc, Cary, NC) and SPSS 18.0 (IBM/SPSS Inc, Armonk, NY, USA). This study was approved by the Hospital for Special Surgery Institutional Review Board.
Results
One hundred fourteen (N=114) of the 119 RA cases were successfully matched with 228 OA controls. Two RA cases had only one match and three cases could not be matched because of extreme young age. The three cases with no matches were excluded from the analysis ( Table 2) . The matched OA patients were 12.3% male, had a mean age 63.6±11 years, had a mean LEAS score 8.4±2.9, and 16.7 had a prior TKA. There were no differences among RA cases and OA controls in education level, living status, and the ASA score. However, the Deyo comorbidity score was significantly statistically worse in the RA cases (RA=0.9± 1.1, OA=0.3±0.5; p=0.001). In addition, operative time was approximately 12 min longer in the RA cases (149.2± 53.9 min vs. 137.4±34.5 min, p=0.01).
RA patients had a statistically significantly lower HSS total expectations score compared to OA (72.9±20.7 vs. 77.2±18.3, p=0.04). This difference was not clinically meaningful. However, RA patients on biologic DMARDs had expectations similar to OA patients (76.3±18.1 vs. 77.4± 17.4, p=0.71), while RA patients not on biologics had expectations that were significantly and clinically lower than matched OA patients (69.9±22.4 vs. 77.1±19.0, p=0.03). Duration of RA did not correlate with expectations (r=0.06, p=0.66). Whereas RA patients on biologics had statistically similar scores on the individual expectations compared with OA patients, RA patients not on biologics had lower expectations for 8 of the 19 items compared to matched OA patients, (p<0.05) (Table 3) . However, these differences were no longer statistically significant when using the conservative Bonferroni correction for multiple comparisons, which Preoperative WOMAC scores were statistically similar between RA cases and OA controls regardless of whether they were on biologics or not (Table 4) . Overall, RA patients had statistically significantly lower SF-36 PCS, general health, and vitality scores compared with OA cases. Furthermore, RA cases scored significantly worse on the Euroquol scale (RA=65.6±19.9, OA=71.2±18.9; p=0.015). RA patients on biologics were different from matched OA patients only on the SF-36 general health score (Table 3) .
In addition, we found no significant difference between RA and OA patients in their expectation of any surgical complications, (0% chance of complication RA = 44%, OA=39%; >20% chance of complications RA 6.5%, OA= 3%; p value for trend=0.163). RA patients on biologics had similar results. Discussion This study demonstrated that RA patients on biologics had similar expectations for TKR as OA patients after matching on important potential confounders such as gender, age, preoperative function, and previous TKA surgery. Therefore, our hypothesis that RA TKA patients have lower expectations than similar OA patients was true only for RA patients not treated with biologics. Moreover, patients on biologics had similar scores as OA for all the measured quality of life scores except the SF-36 general health domain score, while patients not on biologics had lower SF-36 general health, vitality, and social function domain scores as well as lower EQ5D scale scores than OA.
The results of our study should be considered in the context of several limitations. These include that all patients were from a single specialized referral hospital which limits generalizability. Although we matched for age, gender, and activity level, non-randomized cohort studies are at risk of residual confounding, especially confounding by indication since not all patients can be treated with biologics. Additionally, given the large catchment area at our hospital, patients usually received ongoing rheumatologic care elsewhere and we were not able to access external charts for review of ACR criteria for RA. However, the high response rate to our questionnaire and the 100% corroboration of diagnosis of RA by the patients' questionnaire support the accuracy and specificity of our diagnostic algorithm. Our study was additionally limited by the lack of RA-specific disease activity scores or joint counts, so we cannot assess the effect of disease activity on expectations. The higher expectations seen among patients on biologic DMARDs may reflect decreased disease activity. However, the lack of difference in baseline WOMAC pain, stiffness, and function scores make this explanation less likely. Additionally, duration of RA had no effect on expectations. As this is a cross-sectional study, we cannot determine the effect of expectations on outcomes.
The lower expectations for RA patients not on biologics, compared to matched OA patients, suggests that the experience of having a chronic disease that is not maximally treated can affect expectations. For example, even though all RA and OA had similar preoperative pain and function, patients not on biologics had lower expectations of pain relief. This is particularly interesting as pain is the primary reason associated with demand for TKA, so low expectations of pain relief for RA not on biologics is surprising. While the overall expectations for RA were lower than OA, this finding was driven largely by the expectations of those not on biologics. Although after applying the conservative Bonferroni correction to control the potential for falsepositive errors seen when multiple statistical tests are performed simultaneously, no one individual expectation significantly differed between RA patients stratified by biologic use. Nonetheless, the consistency of the higher expectations for those on biologics add strength to our observation that expectations for those on biologics are higher than those not on biologics. Prospective studies are needed to evaluate these specific expectations on outcomes. In addition, we observed no difference in expectations based on duration of RA.
The association between biologic therapy and expectations echoes prior work that showed that RA patients on biologics report improved quality of life as demonstrated by improvement in physical function, better emotional and mental function, and less fatigue compared to those on conventional therapy [31] . However, this study provides new knowledge by showing that RA patients on biologics have similar expectations as osteoarthritis patients. Perhaps the use of biologic DMARDS prevents RA patients from developing a "chronic disease" mindset by rapidly controlling their disease [32] . The recently described central nervous system activity of tumor necrosis factor inhibitors [28] may be playing a role, perhaps through psychological as well as physiologic benefits.
Having lower expectations of surgical success is concerning because it might lead patients to have less ambitious postoperative goals. For example, if an RA patient has lower expectations of postoperative function, he or she may not be as aggressive with physical therapy, or might stop therapy prematurely having reached their own "acceptable" level of function [35] . The lower expectations for patients on conventional therapy may also explain the paradoxically high levels of satisfaction reported by RA patients after arthroplasty despite poorer functional outcomes. This will be an important area for future research.
Findings of this study have important implications for clinical practice. It is important to ensure that RA TKA patients have accurate expectations of surgical success. While in the past RA patients have not achieved the same functional outcomes as OA patients, they have consistently achieved significant improvements in pain and quality of life [2, 23] . Since higher preoperative expectations have been shown to be independent predictors of improved function and greater pain relief in patients after arthroplasty [8, 9, 16] , inappropriately low expectations may contribute to RA patients not utilizing rehabilitation to achieve maximal benefit from TKA. Realistic outcomes from TKA should be discussed in relation to preoperative function rather than RA diagnosis [25] . This may require more time with the RA patient not on biologics to ensure they have a realistic view of the benefits they will likely accrue from TKA [2, 12] . Given the evidence that expectations are modifiable by preoperative education [17] , counseling to ensure expectations accurately reflect the likelihood of significant and clinically meaningful improvements from TKA could have a meaningful impact.
Strengths of this study include a large number of validated RA cases and well-matched OA controls. In addition, the study utilized a validated survey specifically designed to assess TKA expectations. Matching on not just age and gender but also previous TKA and preoperative function minimized confounding bias.
In conclusion, RA patients not treated with biologics had lower expectations of TKA outcomes than matched OA controls or RA patients on biologics. Since data suggest that contemporary RA TKA patients have improvement in pain and quality of life after TKA, but do not achieve the same functional improvements, low expectations of surgery may be limiting their success. Further prospective studies should be performed to further investigate the reasons RA patients form expectations of TKA outcomes.
